The HgaI restriction-modification system contains two cytosine methylase genes responsible for modification of different DNA strands.
A DNA fragment of about 3.4 kilobase pairs that expressed the HgaI modification activity was cloned from the chromosomal DNA of Haemophilus gallinarum, and its nucleotide sequence was determined. Two open reading frames (ORF) which could code for structurally similar proteins were identified in the upstream and middle regions and a truncated ORF in the downstream region in the same orientation. When the respective ORFs were separately cloned, the clones carrying the upstream and middle ORFs both expressed the modification activity, indicating that the two genes are involved in modification of the HgaI restriction-modification system. In order to determine the sites of modification precisely, the respective genes were recloned into an expression vector, from which gene products were purified. A short DNA fragment carrying the HgaI recognition site was treated with each of these enzymes, and, after separation of the two strands by duplex formation with M13 viral DNAs carrying the respective strands, the presence or absence of modification was judged from susceptibility to HgaI endonuclease. The results of analysis showed that different strands were modified in an asymmetric way by each gene product. Analysis of the species and positions of modified bases by the Maxam-Gilbert method further demonstrated that the gene products from the upstream and middle ORFs participated in methylation of the internal cytosine residues of the strands carrying 3'-CTGCG-5' and 5'-GACGC-3', respectively. We concluded that the HgaI modification system consisted of two cytosine methylase genes responsible for modification of different strands in the target DNA.